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ABSTRACT 



Methods and systems for operating a display system. An 
example of the display system includes a first substrate 
having a plurality of pixel electrodes, an electro-optic layer 
operatively coupled ;to the pixel electrodes and an electrode 
operatively coupled to said electro-optic layer. In one 
example of a method of the invention, a first plurality of 
pixel data values is applied to the plurality of pixel elec- 
trodes. A first control voltage is applied to the electrode to 
alter a state of the electro-optic layer such that the first pixel 
data represented by the first plurality of pixel data values is 
substantially not displayed. A second plurality of pixel data 
values, representing a second pixel data, is applied to the 
plurality of pixel electrodes, and a second control voltage is 
applied to the electrode to alter the state of the electro-optic 
layer such that the second pixel data is displayed. In an 
example of a first aspect of the invention, a voltage differ- 
ence between the first control voltage and the second control 
voltage is reduced to reduce capacitive shifting of the second 
plurality of pixel data values on the plurality of pixel 
electrodes. In an example of a second aspect of the 
invention, at least one of the first control voltage,' the second 
control voltage and a pixel data value of the second plurality 
of pixel data values is determined by an illumination color 
used in displaying said second pixel data. In an example of 
a third aspect of the invention, the electrode receives a 
composite signal over time, and a first parameter of at least 
one of the first control voltage and the second control 
voltage is selected to provide an offset, for a portion of the 
composite signal, from a DC balanced signal over time with 
respect to a particular voltage. 

22 Claims, 19 Drawing Sheets 
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Set Vcq {e.g., Apply First Control V) to Alter Slate of LC so that Data for Second 
Color Subframe is not Substantially Viewable and for Each Pixel Load Buffered 
Data for Third Color Subframe from Pixel Buffer onto Pixel Electrode 



I 



Release Vqq {e.g., Apply Second Control V) to Alter State of LC so that Loaded 
Data for Third Color Subframe for Current Frame Is Viewable on Display 



Display Third Color Subframe and While Displaying the Third Color Subframe of 
the Current Frame, Load Data for the First Color Subframe for the Next Frame 
into a Pixel Buffer of Each Pixel 



445 



T 



Repeat Steps 429-445 Again for Next Display Frame 



447 



FIG. 4B 
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500 



Display "Old" Pixel Data from Prior Frame of Display Data 



p 2 



Set Cover Glass Voltage (Vcq) (e.g., Apply First Control V) to Alter State of LC 
(Liquid Crystal) so that Old Pixel Data is Substantially Not Viewable (e.g., Display 
Frame is Momentarily Driven Dark— Even if Pixel Data is Still Stored on the Pixel 

Electrodes) 



504 



Load Next Data onto Pixel Electrodes (Row by Row of the Electrodes) for Current 

Frame While Holding Vcq Substantially at a V so that V_ is at Vrj (to Keep 
Display Dark) 



506 



I 



Release Vqq (e.g., Apply Second Control V) to Alter State of LC so that Loaded 
Next Data for Current Frame is Viewable on Display (if All Rows of Display Have 

Been Loaded Before Releasing VrjQ, then the Display Appears to Update 
Simultaneously for the Whole Frame) 

i 



Display Current Frame 



508 



510 



Repeat Steps 504-510 for Next Display Frame 



FIG. 5 
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DISPLAY SYSTEM HAVING ELECTRODE only has a single pixel. One type of such a display is a color 

MODULATION TO ALTER A STATE OF AN sequential liquid crystal display as discussed in "Color- 

ELECTRO-OPTTC LAYER Sequential Crystalline-SiHcon LCLV based Projector for 

Consumer HDTV** by Sayyah, Forber, and Efrom in SID 
This application is a continuation of U.S. patent appli- 5 digest (1995) pages 520-523. In those types of displays, if 
cation Ser. No. 08/994,033, filed Dec. 18, 1997, now U.S. a display requires the sequential display of the red, green, 

Pat. No. 6,046,716, which is a continuation-in-part of U.S. and blue subframes, those subframes must be displayed at 

Pat. No. 6,078,303, which issued from U.S. patent applica- yet a rate higher than 90 HZ and preferable greater than 180 

tionSer. No. 08/801,994, which was filed on Feb. 18, 1997, HZ to avoid flicker. For color sequential displays, high 

which is a continuation-in-part (CIP) of U.S. patent appli- 10 frame or subframe independence is required to display 

cation Ser. No. 08/77033, which was filed on Dec. 19, images with good color purity. 

1996 by the same inventor under the title "Display System Any of the active matrix display systems that operate by 

Having Common Electrode Modulation." This application is electrically addressing a thin, intervening layer of electro- 

also a CIP of U.S. patent application Ser. Nos. 08/920,602 optic material, such as liquid crystal, which is positioned 

and 08/920,603, both of which were filed on Aug. 27, 1997. is between two substrates include the following characteristics. 

This application is also a CIP of U.S. Provisional Patent At least one of the two substrates is transparent or translu- 

Application No. 60/065,087, which was filed on Nov. 11, cent to light and one of the substrates includes a plurality of 

1997; this application claims the benefit of the provisional's pixel electrodes. Each pixel electrode corresponds to one 

filing date under 35 U.S.C. § 119(e). This present application pixel (or one subpixel) of the display, and each of the former 

hereby claims the benefit of these earlier filing dates under 20 mav be driven independently to certain voltages so as to 

35 U.S.C. § 120. control the intervening electro-optic layer in such a way as 

_ . _™-- T rv ™ „ r _-_ ww-! TW . T ^rr^„^T to cause an image to be displayed on the electro-optic layer 

BACKGROUND OF THE INVENTION o{ ^ display l omctim J 6i 4 pixcl ^ a J lol 

1. Field of the Invention tr * ac ^ °^ P* xe l electrodes. The second substrate of such a prior 
The present invention relates generally to a display 25 art displ ^ *** * ^ ? * M the 

system, such as a liquid crystal display system. The present COmD ° t ° n ele f° de ° r f 61 el efode which serves to 

invention also relates to a system for providing electrical J""? 6 a tB& ^ DC ? ™ lX *f 80 P™* electrodes can 

driving of an electrode of a display system. More JS^'SSL 

particularly, the invention relates to a system for electrically 30 eiecirOH °P uc male nai. 

driving an electrode of a display system to various voltages 0ne exam £jf of such a ^ a ^ film 

in a controlled phase relationship to the update of pixel data. transistor (TFT) liquid crystal display. These displays are 

2. Background of the Related Art USed m many notebook -sized portable computers. Colors are 
A , „ _ , generated in these displays by using RGB pixel triads in 
Aclass of display systems operate by electrically address- which each pixel of me triad ^ amounl of Ught 

ing a thin, mtervenmg layer of electroHoptic material, such as 35 ^ throu ^ ^ ndin red or blue color 

liquid crystal, which is positioned between two substrates. In filter . These color filters are one of the most costly compo- 

these display systems, it is important to achieve good display nents D f a -jfp ^spiay 

characteristics including: color purity, high contrast, high ™ . u . i '* j- . . * • L 

brightness, and a fast response. fc The ° f SyStemS ° f thiS type * mat 

j TV *_ c the results of replicating the pixel electrodes, data wire, and 

High independence of frames or subframes ensures the w thin film transistors, three times at each color pixel are 

lack of coupling between intensity values at a given pixel increased cost and reduced light transmission, requiring 

from one frame to the next. For example, if a pixel is to be more peripheral backlights and increased power consump- 

at its brightest gray level during a first frame and then at its tion. 

darkest gray level at the second frame, then a high indepen- . * . ■ u ^ * c - j j 

a \a t , ttL . . ' * ^ \ 45 The other issues of high frame-to-frame independence, 

der.ee would ensure that tins is possible whereas a low « ^ and bri ^ heam even more d ^ cul , t£) ' 

mdependence would cause the pixel to appear brighter than Xve as display rates increase, 

the darkest gray level during the second frame. This cou- ' , . , 

pling can cause problems such as motion smearing. High ^ approaches have been implemented to improve 

frame-to-frame independence is important whether or not dlsl,lay characte " stlcs ° f m L e abov< ; *J-* ° ne 

the display is a color or black-and-white (monochrome) or 50 f mmon . a PF° ach , ^ oh,es ? e ™* of a common elect "°de 

gray-scale display driving circuit and driving that common electrode with as 

™_ i , r , x . . . . . , , , , flat a common electrode rectangular driving voltage wave- 

The level of contrast achievable is determined by the form ^ iWe fi doi ^ yo{ ^ ^ H ^ 

^ ? T ******* the brightest gray level tal rtioa at ^ ^ & morc ^ whicfa 

and the darkest gray level for a given pixel within a given should ^ eld and ^ 

frame or subframe. „ - TTO _ vr ^ r ^ , ... 

j AA .^ t , * ** * j * i_i *l . _t_ j * i t. For example, U.S. Pat. Mo. 5^37,129 discloses a display 

In addition to contrast it » desirable that the display be tcm ^ a 00mmn clcc(rode which ^ to 

capable of delaying a bn^it image smce bnghter images a flat rectangular elcctrode drivin yolta Refer _ 

are perceived as having a higher quality by a user. ^ to nG 2 of ^ a GOg ^ 6k J^ c 2 4 is 

FinaUy, the speed of display is determined by its ability to 60 connected to its driving circuit 20 through a resistor 36. This 

display one frame after the other at a high rate. If visual corrects for resistive losses at 3a and capacitive coupling to 

motion is to be displayed, flicker and other problems can be the common electrode 24 from pixels and data wires. This 

avoided only if the full color frames are displayed at a rate ensures that detection device 21 with a high input impedance 

of at least 30 Hz and preferably 60 Hz or faster. can be used to make a correction so the output voltage 

This speed requirement becomes even more stringent if 65 appears to be more rectangular-like. FIGS. 5, 9fc, 11(c), and 

the display pixels are not color triads (in other words, red, 11(d) of that U.S. patent all show the desired rectangular 

green and blue subpixels for each pixel location) but instead waveforms. 
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Another example of this is shown with U.S. Pat. No. 
5,561,442, which shows that with the properly applied 
common electrode voltage Vc(t) when coordinated with the 
previous gate wire voltage Vs(t) and the current gate wire 
voltage Vg(t), can yield a flat rectangular voltage V(t)-Vc(t) 
across the liquid crystal (C xc ). This scheme involves a 
complicated modulation scheme coordinating modulation 
voltages at gate wires in relation to the modulation of the 
voltage at the common electrode in order to achieve their 
desired flat rectangular modulation of voltage across the 
liquid crystal. 

SUMMARY OF THE INVENTION 

The present invention provides various methods and 
apparatuses for controlling a voltage on an electrode which 
is used to alter the state of an electro-optic material, such as 
a liquid crystal layer, such that display data cannot be 
viewed even if pixel electrodes contain pixel data thereon. 
This control voltage on the electrode is typically provided in 
a controlled phase relationship relative to the update of pixel 
data in order to achieve, at least in some embodiments of the 
present invention, frame-to-frame independence, even at 
high rates of display. 

A display system in one embodiment of the present 
invention includes a first substrate having a first plurality of 
pixel electrodes for receiving a first plurality of pixel data 
values representing a first image to be displayed and also 
includes an electro-optic layer which is operatively coupled 
to the pixel electrodes and an electrode operatively coupled 
to the electro-optic layer. This display system displays the 
first image and then applies a first control voltage to the 
electrode to alter a state of the electro-optic layer such that 
the first image is substantially not viewable and thus not 
displayed, and then the display system displays a second 
image represented by a second plurality of pixel data values 
after the electrode receives a second control voltage. 

Typically, at least in some embodiments of the present 
invention, the electro-optic layer is a liquid crystal layer and 
the electrode is a common cover glass electrode. This 
common cover glass electrode and the first substrate forms 
a structure around the liquid crystal layer such that the first 
substrate is below the liquid crystal layer and the common 
cover glass electrode is above the liquid crystal layer. At 
least in some embodiments, the first control voltage causes 
the liquid crystal layer to alter its light altering state to turn 
the display "dark" even if pixel data on the pixel electrodes 
are still present and would otherwise cause the display to 
appear white or some other color other than black. After the 
display is kept at a state such that the first image is not 
viewable, then the display system displays a second image 
by causing the electrode to receive a second control voltage 
which releases the liquid crystal material from its state in 
which substantially no display data is viewable. 

In an example of one aspect of the present invention, the 
voltage difference between the first control voltage and the 
second control voltage is reduced to reduce the capacitive 
shifting of the second plurality of pixel data values on the 
plurality of pixel electrodes. In one particular example, the 
voltage transition from a reset or hold state to a view state 
of a cover glass electrode is reduced in order to reduce 
capacitive shifting of the pixel values stored on the pixel 
electrodes. 

In an example of another aspect of the present invention, 
at least one of the first control voltage, the second control 
voltage and a pixel data value of the second plurality of pixel 
data values is determined by an illumination color used in 
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displaying said second pixel data. In one particular example, 
different view voltages are applied on the cover glass 
electrode depending on the color that is being displayed in 
a time sequential color display system, and different hold 

5 and/or reset voltages may be applied to the cover glass 
electrode for different colors in a time sequential color 
display system. 

In an example of another aspect of the present invention, 
the electrode (such as the cover glass electrode) receives a 

!0 composite signal over time, and a first parameter of at least 
one of the first control voltage and the second control 
voltage is selected to provide an offset, for a portion of the 
composite signal, from a DC balanced signal over time with 
respect to a particular voltage. In one particular example, 

15 this offset is compensated for by selecting a second param- 
eter of at least one of the first control voltage and the second 
control voltage such that the composite signal is a DC 
balanced signal over time with respect to the particular 
voltage. 

20 There are numerous alternative embodiments of the 
preseat invention. For example, the cover glass electrode 
may exist in separate segments and these segments may be 
controlled separately such that while one segment is dis- 
playing a portion of an image, the other pixels opposed to the 

25 segment are being loaded with pixel data for another portion 
of the same image and at the same time this other portion is 
not displaying data because its control electrode in that 
segment is causing the liquid crystal material in that segment 
to obscure the data such that it is not viewable. The present 

30 invention may be used in either time sequential color 
systems or in color systems which employ a triad of sub- 
pixels for each pixel. Moreover, the present invention may 
be employed with or without frame buffering for the next 
frame while the current frame is being displayed, where this 

35 frame buffering may be provided in pixel buffers which are 
disposed in the same substrate which includes the pixel 
electrodes. Moreover, the present invention may be used in 
liquid crystal display devices which are of the reflective 
type, or alternatively may be used in liquid crystal display 

40 devices which are of the transmissive-type. Furthermore, the 
electrode modulation of the present invention may be 
employed in a system wherein the electrode which performs 
the modulation (in order to drive the liquid crystal to a state 
in which display data is not substantially viewable) is 

45 disposed in the same substrate as the pixel electrodes. The 
present invention in certain embodiments may also include 
compensating electrodes disposed in the same substrate with 
the pixel electrodes which compensate for the action of the 
control electrodes which are causing the display to be not 

50 viewable according to certain embodiments of the present 
invention. In some embodiments, pulse illumination rather 
than continuous illumination may be used. In certain 
embodiments, a control device which is coupled to at least 
one pixel electrode applies a first reference voltage to the at 

55 least one pixel electrode before the display system displays 
the second image. Typically, the first reference voltage is 
applied to the pixel electrodes while the first image is 
substantially not viewable due to the first control voltage on 
the electrode. The first reference voltage "clamps" the pixel 

60 electrodes at a predetermined value, and then the new pixel 
values are loaded onto the pixel electrodes. 

At least some embodiments of the present invention 
provide various advantages which are described below, 
although it will be appreciated that certain embodiments of 

65 the present invention may only provide some, if any, of these 
advantages depending on the implementation of the embodi- 
ment. For example, the present invention may be used to 
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provide for a display system in which the pixel optical FIG. 6D illustrates a pixel circuit having a pixel buffer 

intensity outputs on the display are simultaneously updated which is capable of storing the new pixel data value while 

with new data even though the pixel electrode voltages are the old pixel data value is being displayed; the circuit is 

updated on a row-by-row basis when no frame buffering is capable of storing an analog value in the pixel buffer, and it 

used. Moreover, the invention may be used to provide a 5 be appreciated that a plurality of these pixel circuits 

display system in which there is high frame-to-frame arra nged in an array provides an analog frame buffer, 

independence, even at high frame rate frequencies. Another _ . , . „ , 

advantage of the present invention, at least in some f IG - ™ shows the effects of modulating the electrode 

embodiments, is that by simultaneously varying the voltage volta f e ™ d ^tion with a signal that is not a rectangular 

which drives the control electrode and the voltages which waveform, according to an embodiment of the invention in 

drive the pixel electrodes, full use can be made of the voltage 10 w . hich the u PP er P anel me electrode voltage and the 

range available at the pixel electrodes, thereby improving P^cl electrode voltage with respect to time when an over- 

brightness. In another embodiment of the present invention, drive P u l sc ^ applied, and the middle panel shows the 

a voltage greater that the maximum and minimum voltages voltage across the electro-optic layer (e.g. liquid crystal 

allowed for driving the pixel electrodes can be used as the layer) for such modulation of the electrode and the lower 

control voltage signal applied to the control electrode. This 15 panel shows the intensity output from the pixel A using the 

advantage may be useful in a situation where the liquid overdrive pulse (solid line) and without the overdrive pulse 

crystal electro-optic effect has a threshold below which no (dashed line). 

optical effect occurs. Another advantage of the present FIG. 7B shows a waveform of the modulation of electrode 

invention in certain embodiments is that if the control which may be used to drive the electro-optic layer to a state 

electrode voltage is modulated with a burst of relatively high 20 ^ which display data fe nQt wherein ^ wave f 0 rm 

frequency oscillation, a dual-frequency liquid crystal display ^ a reset spike rather than a rec tangular pulse, 

can be driven rapidly. ^ jj2 ustrates a wave f orTn f or ^ electrode modula- 

BRIEF DESCRIPTION OF THE DRAWINGS tion which may be used to place the electroK)ptic layer into 

The various embodiments of the present invention will be 25 a state m w . mch mc display data is not visible according to 

described in detail with reference to the following drawings one embodiment of the present invention, 

in which like reference numerals refer to like elements. FIG. 8 is a waveform illustration indicating the electrode 

FIG. 1A shows a cross-sectional view and FIG. IB shows modulation voltages and the pixel electrode voltages over 

a perspective view of an image display system according to ume using a frame buffering system; the electrode modula- 

one embodiment of the invention. 30 uon shown in FIG. 8 includes a reset pulse which is designed 

FIG. 2 A shows a block diagram representation of a system to P Uce mc electro-optic layer into a state in which the 

according to one embodiment of the present invention; this display data on the pixel electrodes is not viewable. FIG. 8 

embodiment is a reflective-type liquid crystal display, and it also shows the intensity of certain pixels over time relative 

will be appreciated that transmissive-type liquid crystal to me waveforms shown in FIG. 8. 

displays may also be implemented according to the present 35 FIG. 9 illustrates a plurality of intensity versus time 

invention. waveforms which illustrate the behavior of pixels in a time 

FIG. 2B shows an electro-optic curve for an example of sequential color display system of the present invention 

a normally white liquid crystal. which utilizes electrode modulation such that the electro- 

FIG. 2C shows a waveform for a cover glass modulation °P tic kyer is placed in a state for a certain period of time in 

according' to the present invention in conjunction with an" 40 which ^ e display data is not viewable. 

intensity versus time graph depicting the behavior of a liquid FIG. 10 shows an example of a voltage waveform which 

crystal material under the control of the cover glass wave- may be applied to control electrode, such as a cover glass 

form also shown in FIG. 2C. electrode, in accordance with an example of the present 

FIG. 2D shows in further detail a portion of the intensity invention, 

versus time graph for a liquid crystal under the control of a 45 FIG. 11 shows a modified voltage waveform for a control 

cover glass electrode or other electrode modulated according electrode, such as a cover glass electrode, which has been 

to the present invention. modified according to an aspect of the present invention. 

FIGS. 3A and 3B depict a flowchart illustrating a time FIG. 12 shows a brightness versus voltage graph for three 

sequential liquid crystal display system of the present inven- 5Q different electro-optic curves. 

tion without frame buffering of new pixel data while old na 13 shows a ^ wave f orm showing the 

pixel data is being displayed. voltage differed for ^ different colors in accordance 

FIGS. 4A and 4B depict a flowchart illustrating an with an example of one aspect of the present invention. One 

embodiment of the present invention which uses time full cycle is shown, with R, G, and B each having a positive 

sequential color subframes with frame buffering. 55 and a negative cycle. 

FIG. 5 illustrates an embodiment of the present invention piG. 14 shows various techniques for applying a DC 

which uses a spatial color display wherein each pixel 0 flfee t ^ a controlled fashion using the reset or hold or 

includes three subpixels, each displaying a particular light release voltage values which are applied to the control 

component. electrode in accordance with an example of one aspect of the 

FIG. 6Aillustrates an embodiment of a pixel circuit which 50 present invention, 
may be used with the present invention. 

FIG.6B illustrates an embodiment of a pixel circuit which DETAILED DESCRIPTION 

may also be used with embodiments of the present inven- The following description provides examples of the 

uon * present invention. It will be appreciated, however, that other 

FIG. 6C shows yet another embodiment of a pixel circuit 65 examples of the present invention will become apparent to 

which may be used with embodiments of the present inven- those in the art upon examination of this description. Thus, 

tion. the present description and the accompanying drawings are 
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for purposes of illustration arid are not to be used to construe cell configuration. This curve 125 has the highest intensity 

the invention in a restrictive manner. at the lowest voltage, which may be zero volts. That is, the 

FIG. 1A shows a cross-sectional view of a display system light altering state of this liquid crystal is such that the most 

12 according to one embodiment of the present invention, in light is transmitted through the liquid crystal at this lowest 

which an electro-optic layer 22 is disposed between a first 5 voltage state. As the voltage across the liquid crystal 

substrate 20 and a second substrate 24. First substrate 20 has increases, the intensity of the light transmitted through the 

a single control electrode known as a common electrode 26 liquid crystal decreases to the point where no light is 

or a cover glass electrode 26. The second substrate has a transmitted at voltage point 127 which has been referred to 

plurality of pixel electrodes 28 each of which periodically ^ the holding to black voltage or V ff 127. According to the 

acquires updated image data in an independent manner. 10 presen t invention, an electrode, such as the cover glass 

Each pixel electrode 28 retains the image data required for electrode, may be applied a voltage relative to the voltages 

a given period of time or duration, after which the acquired on me variou& ^ e]ectrodcs ^ that throughout the 

image data ts replaced with new image data A voltage H id , u Qf ^ nts ^ yol 

applied to each prxel electrode relative to a voltage on the ^ ^ ^ ^ ^ { ^ *^ cxcccds v 

common electrode 26 will cause a voltage to appear across 4 ^ . . 4 / iL . • lA & 

the liquid crystal material (V^ which will then control the 15 to ^ m embodiments of me presentinventton, the vo tage 

light altering properties of the liquid crystal such that the ^pphed to this control electrode may be such that the voltage 

liquid crystal may be selectively placed in at least two light across me h * m6 crvsta l * at point 129, which is an overdrive 

altering states. Really these states include either allowing voltage or V oz> . This overdrive voltage may be used to 

light to pass through the display system or not allowing the ra P idl y the liquid crystal display material to a state in 

light to pass through the display system. At least one of the 20 which light does not transmit through it such that the display 

first substrate 20 and the second substrate 24 is transparent data is otherwise not viewable even if the display data is 

or translucent to light According to one embodiment of the stored on the pixel electrodes. 

invention, the electro-optic layer 22 may comprise liquid FIG. 2C shows two time related graphs which indicate the 

crystal material, and the display system 12 may comprise a relationship between the control voltage applied to the 

liquid crystal display. It will be appreciated that other layers 2s control electrode, such as the cover glass electrode, and the 

may also be present in the structure of the display system 12, intensity of the pixels in a liquid crystal display of the 

such as alignment layers or optical coatings (e.g. anti- present invention. The voltage waveform 151 of FIG. 2C 

reflective coatings)) and that other layers may be used with shows the control signal applied to the electrode, and the 

the display system 12, such as a polarizing layer or layers. intensity waveforms 152 of FIG. 2C shows the correspond- 

FIG. IB shows a prospective view of the same display 30 mg intensity waveforms at the corresponding times. At time 

system shown in FIG. 1A The display system 12 may be a to the voltage applied to the electrode (shown, for example, 

thin film transistor (TFT) system which may be an active ^ Vc< _ m the example where ^ electrode is the cover glass 

matrix transmisave type liquid crystal display device or it electrode) is ramped up to a point at which the voltage across 

may be a reflective type liquid crystal display device such as the liquid crystal is at least at V^. This causes the intensity 

a liquid crystal on silicon substrate device, such as that 35 of me pute i to d rop rapidly as shown by the pixel intensity 

described in U.S. Pat. No. 5,426,526, which is hereby 153 Th en between the times to and t, the next pixel 

incorporated herein by reference. display ^ may bc loaded onto thc ^ clcctrode whi i e t h e 

FIG. 2A shows a display system 101 according to one display is held in a state in which display data is not visible 

embodiment of the present invention. This embodiment due to the voltage applied to the control electrode such that 

employs a reflective type liquid crystal on silicon - display 40 - the voltage across the liquid crystal (V^) is at- or exceeds - 

system which includes pixel driver logic 102, pixel elec- y^. At time t 2 the voltage on the control electrode is reduced, 

trodes 104, a liquid crystal layer 106, and a cover glass as shown in the voltage waveform 151, such that the voltage 

electrode 108. The system also includes clock control logic across the liquid crystal is less than V^. At this point, it is 

112, an electrode control driver 110, as well as iUuminator now possible to display and view the pixel data because the 

114 and the illuminator control logic 116. 4S electrodes can now control the state of the liquid 

In the system 101, the illuminator 114 may provide white crystal. At this point beginning at time t lt the liquid crystal 

fight in the case of a spatial colored display system or it may begins to return to a light altering state as shown by the pixel 

provide in a controlled time sequence three different color intensity curve 154. Typically, the liquid crystal material will 

lights (e.g., a red fight, and then a green light, and then a blue be relaxing to a light altering state which allows more light 

light each provided separately). The iUuminator 114 pro- 50 to pass through. As shown by the pixel intensity curve 154, 

vides this light 118 through the control of the iUuminator the liquid crystal may continually relax throughout the entire 

control logic 116 which receives clocking signals or control time period tj through ^ and may not "plateau" or otherwise 

signals 117 from the clock control logic 112. The clock reach a steady state. This effect will be discussed further 

control logic 112 also controls the electrode control driver below, but it will be noted that with the present invention this 

110 in order to provide the proper modulated control signal 55 is not necessarily a disadvantage because all such pixels may 

waveforms 111 to the cover glass electrode 108. At the same be substantially simultaneously producing the same effect 

time, control clock logic 112 also provides clocking signals and yet the viewer can still see the various gradations of 

to the pixel driver logic 102 or it may receive signals from color or gray-scale in the image. At time t^ a first control 

the pixel driver logic 102 in order to coordinate a controUed voltage is again appfied to the control electrode such as the 

phase relationship between the control voltage signals 60 cover glass electrode to again drive rapidly the liquid crystal 

applied to the cover glass electrode and the timing of loading material to a state in which the display data is not visible as 

and displaying of pixel data onto and through the pixel shown in the waveform 152 between times ^ and tj. At time 

electrodes 104. The various modes of operation of this tj, the voltage on the control electrode is changed from the 

system 101 will be described below according to the various first control voltage to a second control voltage such that 

embodiments of the present invention. 65 display data may be visible as shown by the pixel intensity 

FIG. 2B shows an intensity versus voltage graph display- curve 155 between times t 3 and t 4 . It will be appreciated that 

ing an electro-optic curve for a normally white liquid crystal the control voltage waveform 151 which is appfied to the 
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control electrode is a DC balanced signal (around some 
reference level) and that over time it averages to that DC 
reference level. It will be appreciated that the present 
invention may be used with DC balanced control signals or 
without DC balanced control signals, but that there are 
advantages of using DC balanced control signals. 

FIG. 2D shows in further detail one frame or subframe of 
a method of the present invention. In particular, a pixel 
intensity waveform 160 is shown in FIG. 2D as having three 
portions or curves 161, 162, and 163. Curve 161 illustrates 
the rapid drive to black of the liquid crystal material upon 
the application of a control voltage to the control electrode 
which causes the voltage across the liquid crystal to be 
approximately equal to V B . During the time in which this 
control voltage is applied to the control electrode, the pixel 
intensity is at its lowest as shown by curve 162. It will be 
appreciated that rather than driving the liquid crystal mate- 
rial entirely to black, the liquid crystal may be driven 
substantially to a dark state such that the image may be 
barely discernible. In this alternative embodiment, there still 
may be substantial benefits derived from driving a liquid 
crystal state such that the display data is substantially not 
viewable in order to achieve frame -to-frame independence. 
During the time between to and t u the next pixel data may 
be loaded into the pixel electrode as indicated by the time 
T L . This is also the time during which the display is kept in 
its dark state by keeping the voltage across the liquid crystal 
preferably at or above V B . At time t lf the control voltage on 
the control electrode is released to a second control voltage 
such that the voltage across the liquid crystal changes, 
thereby allowing the liquid crystal to relax to various light 
altering states and allowing display data to be viewable. This 
is shown by the pixel intensity curve 163 which indicates the 
intensity of the pixel rising as the liquid crystal continues to 
relax during the relaxation time designated as TLC which 
occurs between times t 3 and t 3 . According to various 
embodiments of the present invention, it may be desirable to 
provide illumination during the entire time from t x to t$ or 
only a portion of the time such as that shown in FIG. 2D. In 
particular, FIG. 2D shows illumination of the pixel only 
during the times t, through t^. In another embodiment, 
pulses of light during portions of time within the period t^ 
through t3 may be provided rather than continuously illu- 
minating the display from time t^ through t^. The frame or 
subframe cycle ends at tj when the first control voltage is 
again applied to the control electrode such that the voltage 
across the liquid crystal is substantially at V B (or preferably 
at or above V^). 

FIGS. 3 A and 3B show a particular method of the present 
invention which is used in a time sequential color display 
system without any frame buffering in pixel buffers associ- 
ated with pixel electrodes on the same substrate. FIGS. 4A 
and 4B show a similar system but with such frame buffering. 
The method shown in FIGS. 3A and 3B will be described 
first. 

The method 200 may be considered to begin in step 202 
in which "old" pixel data may be displayed from the last 
subframe of the prior frame of display data. Following the 
end of that display time, in step 204, the cover glass voltage 
is set by applying a first control voltage to alter the state of 
the liquid crystal so that the old pixel data is substantially not 
viewable, even if some of the pixel data is still stored on the 
pixel electrodes. Typically, the first control voltage applied 
to the control electrode such as a cover glass electrode is 
such that relative to the pixel electrode voltages, there will 
be at least volts across the liquid crystal. In step 206, the 
next pixel data is loaded onto the pixel electrodes for the first 
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color subframe for the current frame while continuing to 
hold the voltage of the control electrode substantially at a 
voltage so that the voltage across the liquid crystal is at least 
at V B . In this manner, the pixel electrodes are loaded with 

5 new data while the display is kept substantially dark. It will 
be appreciated that typically the data is loaded row by row 
of the pixel electrodes which correspond to rows on the 
display, one row at a time. Next, in step 208, the voltage on 
the control electrode is changed in order to release the state 

10 of the liquid crystal so that the loaded next data for the first 
color subframe (which was loaded in step 206) is now 
viewable on the display. If all the rows of the display have 
been loaded before releasing the voltage on the control 
electrode, then the display appears to update simultaneously 

is for the whole frame. Then in step 210 the first color 
subframe is displayed for some time. One advantage of the 
prior sequence of steps is that there is a period of darkness 
between the old frame and the new frame such that now the 
frames have more frame-to-frame independence and hence 

20 the image appears better to a user. Moreover, even though 
the pixel data was loaded row by row onto the electrodes 
rather than simultaneously onto the electrodes for one frame, 
the display will still appear to update simultaneously for the 
whole frame because the releasing of the voltage on the 

25 control electrode at one time causes the liquid crystal to 
suddenly be able to change its "pixel" states for the whole 
liquid crystal layer simultaneously for the whole frame. The 
simultaneous nature of the liquid crystal's response provides 
a major advantage because it means that the liquid crystal 

30 does not have to complete switching (from a prior light 
altering state to a new light altering state) before it can be 
illuminated. Thus, the display system can be illuminated 
before the liquid crystal finishes switching (or reaching a 
steady state) and yet the display will still appear uniform 

35 across the display. Further, the display system may illumi- 
nate the liquid crystal only during a portion of the 
trajectories, such as only near the end of the trajectories. 
Another advantage of this invention is that, because the 
liquid crystal is not, at least in some embodiments, required 

40 to complete its switching to a saturated state, the appearance- 
of the display becomes less sensitive to variations in the 
thickness of the liquid crystal. This improves the apparent 
uniformity of the display. The fact that the liquid crystal is 
switched from an unsaturated state of the liquid crystal at the 

45 end of a display cycle (shown for example by pixel intensity 
curve 154 in FIG. 2C) means that display frame rates may 
be increased (e.g. increasing the frame rate from 30 Hz to 60 
Hz) which improves the appearance of the display. 

Next in step 212 the voltage on the control electrode is 

50 again set (e.g. by applying the first control voltage) to alter 
the state of the liquid crystal so the data for the first color 
subframe is substantially not viewable (even if pixel data for 
the first color subframe is stored on some pixel electrodes). 
Next in step 214, the next pixel data is loaded onto the pixel 

55 electrodes for the second color subframe for the current 
frame while maintaining the voltage on the control electrode 
so that the voltage across the liquid crystal is substantially or 
approximately at V^. In step 216, the second control voltage 
is applied to the control electrode to allow the liquid crystal 

60 to relax so that the loaded data for the second color subframe 
is viewable on the display. Then in step 218 the second color 
subframe is displayed for some time. Typically this will 
include illuminating the display either with continuous illu- 
mination or with pulses of illumination as described herein. 

65 In step 220 the liquid crystal is again driven to a state in 
which the pixel data is not viewable. In this case, the data for 
the second color subframe is made to be substantially not 
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viewable, even if the pixel data for the second color sub- 
frame remains stored on some of the pixel electrodes. Then 
in step 222, the next data is loaded onto the pixel electrodes 
for the third color subframe for the current frame while 
holding the voltage on the control electrode so that the 
voltage across the liquid crystal is substantially at \ B . Then 
at step 224, the voltage on the control electrode is released 
(e.g. applying a second control voltage) to alter the state of 
the liquid crystal so that the loaded data for the third color 
subframe for the current frame is now viewable on the 
display. Then in step 226, the third color subframe is 
displayed while illuminating the display system. It will also 
be appreciated that a similar illumination step may occur in 
step 210. In step 228, the method repeats steps 204-226 
(inclusive) again for the next display frame. This continues 
for each frame as data is supplied to the system. 

The method 425 shown in FIGS. 4A and 4B is similar to 
the method 200 except that the system of this embodiment 
uses a pixel frame buffer to store the next frame of pixel data 
while displaying the current pixel data. That is, while the 
display step occurs, the pixel buffers which will store the 
next pixel date are being loaded during the displaying of the 
current frame. Typically, this may be implemented in a 
system where the pixel buffer for a particular pixel electrode 
is located substantially under the pixel mirror electrode. This 
is described in further detail in U.S. Pat. No. 5,426,526. A 
particular pixel circuit for performing the pixel-by-pixel 
frame buffering in a pixel buffer associated with its respec- 
tive pixel electrode is shown in FIG. 6D herein. 

The method 425 begins at step 427 in which old pixel data 
from the last subframe of the prior frame of display data is 
displayed; while displaying this old pixel data, data for the 
first color subframe of the next frame is loaded into a pixel 
buffer for each pixel. According to one embodiment of the 
present invention, the pixel buffer stores analog pixel 
information, and the circuit of FIG. 6D may be employed for 
this purpose. In step 429, the control electrode, such as the 
cover glass electrode, is set at a voltage (e.g. by applying a 
first control voltage) to alter the state of the liquid crystal so 
that the old pixel data (for the last- subframe of the prior 
frame) is substantially not viewable. Also during this step 
429, for each pixel, buffered data stored in each pixel buffer 
for the first color subframe is loaded from the pixel buffer 
onto the pixel electrode. In step 431, the voltage on the 
control electrode is altered so that the state of the liquid 
crystal may relax thereby allowing the loaded pixel data for 
the first color subframe to be viewable on the display. If all 
the rows of the display have been loaded before releasing the 
control electrode by applying the second control voltage, 
then the display appears to update substantially simulta- 
neously for the whole frame. Typically, with a frame buffer 
capability of the system described herein one would nor- 
mally load all rows of the display although this is not 
necessarily required for certain embodiments of the inven- 
tion. In step 433, the first color subframe is displayed and 
while displaying the first color subframe, data for the second 
color subframe is loaded into a pixel buffer for each pixel. 
In step 435, the control electrode, such as the cover glass 
electrode, receives the first control voltage which alters the 
state of the liquid crystal so that data for the first color 
subframe is substantially not viewable; also during this step 
435, buffered data for the second color subframe which has 
been loaded into the pixel buffers is now loaded from the 
pixel buffer onto the pixel electrode. In step 437, the voltage 
on the control electrode is changed to "release" the liquid 
crystal from the state in which it was held in step 435 so that 
the loaded data for the second color subframe is viewable 00 
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the display. In step 439, the second color subframe is 
displayed and while displaying the second color subframe, 
data for the third color subframe is loaded into a pixel buffer 
for each pixel. In step 441, a first control voltage is applied 

5 to the control electrode, such as the cover glass electrode, in 
order to alter the state of the liquid crystal so that data for the 
second color subframe is substantially not viewable; also 
during this step 441, pixel data for the third color subframe 
is loaded from the pixel buffer of each pixel onto the 

10 corresponding pixel electrode of each pixel. In step 443, the 
voltage on the control electrode is changed (e.g. by applying 
the second control voltage) to alter the state of the liquid 
crystal so that the loaded data for the third color subframe 
for the current frame is viewable on the display. Then in step 

15 445, the third color subframe is displayed, and while dis- 
playing the third color subframe of the current frame, data 
for the first color subframe for the next frame is loaded into 
a pixel buffer of each pixel. In step 447, the method repeats 
steps 429-445 (inclusive) for the next display frame and this 

20 continues for each display frame which is received by the 
display system of the present invention. 

FIG. 5 shows a method 500 according to another embodi- 
ment of the present invention. This embodiment utilizes a 
system having a spatial color first substrate, wherein for each 

25 pixel there are three subpixels which provide the three 
signals for three primary colors, such as red, green and blue. 
These spatial color systems are well known in the prior art. 
The present invention provides an advantage in these sys- 
tems in that simultaneous update may be achieved while also 

30 providing frame-to-frame independence without having to 
incorporate a pixel buffer for each pixel to thereby provide 
a frame buffer on the same substrate with the pixel elec- 
trodes. Method 500 begins in step 502 in which "old" pixel 
data from the prior frame of display data is displayed in the 

35 display system. Then in step 504, the control electrode 
receives a control voltage which alters the state of the liquid 
crystals such that the old pixel data is substantially not 
viewable even if the pixel data is stored on at least some of 
the pixel electrodes. As a result, typically in most embodi- 

40 ments of the present innovation the display frame is momen- 
tarily driven dark. In step 506, the next data for each pixel 
is now loaded onto the pixel electrodes in a row-by-row 
manner as in the prior art for the current frame while 
continuing to keep the voltage on the control electrode 

45 substantially at a voltage so that the voltage across the liquid 
crystal is preferably at or above V B . Then in step 508 the 
voltage on the control electrode is changed to the second 
control voltage to thereby allow the liquid crystal to change 
its state so that the loaded next data (loaded in step 506) for 

50 the current frame is now viewable on the display. If all of the 
rows of the display have been loaded before releasing the 
voltage on the control electrode, then the display appears to 
update simultaneously for the whole frame even though the 
pixel electrodes were updated simultaneously only on each 

55 row at a time. Then in step 510, the current frame is 
displayed for some duration. Step 512 involves the repeating 
of steps 504-510 (inclusive) for the next display frame. In 
this manner, a spatial color display system may achieve 
improved frame-to-frame independence while at the same 

60 time achieving simultaneous update for the whole frame 
without having frame buffering on the same substrate as the 
pixel electrodes. 

FIGS. 6 A, 6B, 6C and 6D show various pixel circuits 
which may be employed with the present invention. For 

65 example, the circuits of FIG. 6A, 6B, and 6C may be 
employed where no frame buffering on the pixel electrode 
substrate is required. Each of these circuits include at least 
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one pixel electrode, such as pixel electrodes 651, 661, or trode voltage modulation with a pulse which is designed to 

671, and further include control transistors which are used to alter the light altering state of the liquid crystal such that 

selectively load the pixel electrode. These control transistors display data is not usefully viewable. In this instance, rather 

are shown as FET's 652 of FIG. 6A, 662 and 663 of FIG. 6B, than being driven dark, the display is driven whiter and yet 

and 674 of FIG. 6C. The operation of these pixel circuits is 5 the display data is not usefully viewable as the whole display 

well known in the art, and it will be appreciated that there will be driven brighter. It will be appreciated that it will 

is an array of such circuits wherein the array includes a generally be preferable to not illuminate or view the display 

plurality of rows of the pixel circuits where each row during the state in which the display is driven whiter by the 

includes a plurality of columns of the pixel circuits. pulses 401. 

FIG. 6D shows a pixel circuit which may be used with 10 Referring to FIG. 7A, the upper section of this figure 

certain embodiments of the present invention which require shows the voltages at the control electrode or common 

pixel buffering in pixel buffers located on the same substrate electrode and the pixel electrode voltage with respect to time 

with the pixel electrodes. The pixel circuit of FIG. 6D whcn the P ulse 401 is applied. The middle section of FIG. 

includes a conventional row select wire 687 and a data or 7A shows voltage across the liquid crystal for such modu- 

column wire 686 and also includes a control or pass tran- is lation of me common electrode voltage, and the lower 

sistor 685. This pixel circuit further includes a pullup FET section of FIG. 7A shows the intensity output from pixel A 

682 and a pulldown FET 683 as well as a voltage follower with the pulse 401 and without the pulse 401 (where the 

FET 684. This pixel circuit of FIG. 6D operates in the response without the pulse 401 is shown by the dashed line), 

following manner: while old pixel data values are being held pulse 401 need not be limited to a flat pulse, and it can 

or stored on the pixel electrode 681 (with the pulldown 20 be P°^ y& or negative with respect to ground and can even 

signal 688 being kept low such that the FET 683 is off) a new alternate between positive and negative as shown in FIG. 

pixel data value is loaded into the pixel circuit or cell by 7A - It will be appreciated that this pulse is similar to the 

applying a high row select signal on row select wire 687 and pulse on the voltage waveform 151 which occurs between 

concurrently applying the pixel data value on data wire 686. times to and t x of FIG. 2C. 

In this condition, the FET 685 passes the pixel data value, 2s The amplitude and duration of the pulse 401 of FIG. 7A 
which is preferably an analog pixel data value, through to at the beginning of a frame period are chosen such that the 
the gate of the FET 684 which should not be in a conducting pulse momentarily drives the liquid crystal beyond the target 
state at this point since the pullup signal is kept low so that gray value. For the display as described above, the duration 
substantially no current is flowing through the source/drain of the pulse cao be from a fraction of a millisecond to over 
electrodes of either FET 682 or FET 684. After loading the 30 one millisecond and the amplitude can be any value that 
next pixel data value onto the gate of FET 684, the FET 685 yields a pulse 405 with a voltage level V iC across the liquid 
is turned off by driving the row select wire 687 low. This will crystal layer which is sufficiently large to produce an inten- 
keep the new pixel data value stored on the gate of FET 684 sity surge 409 at pixel A In an alternative embodiment, of 
while data wire 686 applies another new pixel data value to course, the liquid crystal may be driven dark rather than 
a pixel cell in the same column but a different row. Then, 35 driven bright. Since the pulse 401 is applied to all pixels 
near the end of the display of the old pixel value on pixel which share the electrode, it results in an increased switch- 
electrode 681, the pulldown signal 688 is asserted high, ing time between one gray level and a darker gray level. It 
thereby turning on FET 683 which then discharges any has the advantage that the time switching between one gray 
charge on the pixel electrode 681. Then the pulldown signal level and a slightly lighter gray level is not limited by the 
688 is turned low again to turn off the FET 683 and then the 40 observed delay, and slow, response in such situations (this is - 
pullup signal is asserted high to turn on the FET 682. This indicated by the dashed line in FIG. 7A). Indeed, the upper 
causes the FET 684 to pull up its source node which is limit for the time taken for any transition is now bounded by 
coupled to the pixel electrode 681 to within one transistor the relaxation time after the pulse. In one embodiment, the 
threshold value of the pixel data value (preferably an analog additional or superimposed pulse may be temporally close to 
pixel data value) stored on the gate of the FET 684. After this 45 the update or acquisition of image data on the pixel elec- 
pulhip occurs, the pullup signal is deasserted to a low value trodes. 

to cause no current flow through the FETs 682 and 684 FIG. 7B shows another approach to modulating the con- 
thereby allowing the value stored on the pixel electrode 681 trol electrode, such as a common cover glass electrode for a 
to control the display state of the liquid crystal in the sequential display device using a pulse with a voltage that 
proximity of the pixel electrode 681. It will be appreciated 50 peaks with an exponential type decay. The pulse may, for 
that an array (in rows and columns) of pixel circuits of the example, be added near the time at which all the pixels are 
type shown in FIG. 6D will provide, in one embodiment, an updated. 

analog frame buffer in the same integrated circuit FIG. 7C shows another alternative embodiment for modu- 

(monocrystalline silicon) substrate as the pixel electrodes. lating the voltage on the control electrode. The modulation 

Moreover, each such pixel circuit may be fabricated such 55 pattern 461 has a voltage waveform 462 that includes 

that it is disposed under each pixel electrode, which in one several components as shown in this voltage versus time 

embodiment may be a reflective mirror for a reflective type diagram. A frame cycle begins at time to in which the 

liquid crystal display. voltage on the control electrode is ramped to a high enough 

FIG. 7A shows an example of a liquid crystal pixel voltage such that W LC is driven close to V 0i> (see FIG. 2B). 

switching between gray levels or color levels. This figure 60 This voltage state continues during the duration between 

depicts the optical response from a single pixel (pixel A) time ^ and time t 2 (the "reset" voltage). This causes the 

switching between levels over three frame periods. In this liquid crystal to be rapidly driven to a state in which the 

example, the liquid crystal is driven toward a bright state by display data is not viewable. Then from time tj to t^ the 

increasing voltage, and the DC balance is affected by voltage on the control electrode is changed so that instead of 

alternating the polarity of the cover glass voltage with 65 overdriving the liquid crystal layer, it is held at a voltage 

respect to the pixel voltage on a frame -by -frame basis. The such as V m the "bold" voltage (see FIG. 2B). The time from 

figure shows the effects of modulating the common elec- time t a to ^ may be utilized by the display system to load all 
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the pixel electrodes with new display data for the current 
frame (and effectively erasing the old display data) then at 
time ta the pixel data may begin to be displayed. Typically, 
all pixel electrodes would have been loaded by the begin- 
ning of time t 2 and thus all liquid crystal can begin the 
transition from the altered state which existed during the 
time between ^ and ^ to a relaxed state. The relaxation of 
the liquid crystal is allowed to occur between times t^ and ^ 
which is also the time in which the image data is being 
displayed at least part of this time period, which may be 
referred to as the view period. This is done by changing the 
cover glass voltage to the view voltage. Typically, the time 
between t 2 and tg includes illumination of the display for at 
least a portion of the time if not all the time. Moreover, 
rather than illuminating continuously through a portion of 
the time between t 2 and t 3 , pulses of illumination may be 
applied. For example, one pulse of iUumination may be 
provided at the end of each color frame (if spatial color) or 
at the end of each color subfrarne (in the case of a time 
sequential color display system). The modulation scheme of 
FIG. 7C thus achieves an advantage of rapidly driving the 
crystal to an altered state in which the display data is not 
viewable while then relaxing it but still keeping it not 
viewable. This decreases the response time of the device 
thereby allowing the frame rate of the display device to be 
driven at higher frequencies, subject to the amount of time 
it takes to load the pixel electrodes in the frame. The cycle 
beginning at time t 3 continues except the polarity of the 
signals has changed due to the fact that the control voltage 
signal applied to the control electrode is DC balanced 
around some DC level (shown here as some level other than 
zero volts). It will be appreciated that DC balancing is 
performed in order to attempt to provide a DC balanced 
signal to the liquid crystal such that the DC balance level of 
the liquid crystal is approximately zero volts. 

In another embodiment of the present invention, the 
control voltage which is applied to the control electrode is 
modulated with a burst of a relatively high frequency 
oscillation (e.g. 5 kHz to 100 kHz). Such a scheme would be 
useful for-driving dual-frequency liquid crystal materials in 
those types of displays where below the crossover frequency 
the liquid crystal material has a positive dielectric 
anisotropy, and above the crossover frequency it has a 
negative dielectric anisotropy. 

As an example of the usefulness of a display system 
featuring such a scheme, consider the following scenario. An 
image is written to display system 12 by applying a pattern 
of voltages to the array of pixel electrodes 28. Common 
electrode 26 is modulated according to an embodiment of 
the invention as described above, or alternatively, may be 
clamped at a given voltage while each pixel of electro-optic 
layer 22 switches to the desired state. Then after the image 
has been viewed, it is desired to rapidly reset each pixel of 
the electro-optic layer 22 to an off state in preparation for the 
acquisition of the next set of image data such that the old 
image data is not viewable while acquiring the new set of 
image data or if acquired already, may be separated from the 
prior frame by momentarily blanking the display. This can 
be achieved by using a dual-frequency electro-optic liquid 
crystal material and performing this reset, or drive to off 
function, by applying a short period of high frequency 
voltage signal to the common electrode 26. It will be 
appreciated that if an AC signal is used to hold the liquid 
crystal to a state in which the display (pixel) data is 
substantially not viewable (e.g. a "dark" state), then it is 
preferred to synchronize the phase of the AC signal with the 
phase of writing pixel data to each row of pixel electrodes 
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so as to equalize between rows the effect of capacitive 
coupling between the control electrode (e.g. the common 
electrode) and the pixel electrodes. 

Within the basic scheme for electrode modulation of the 

5 present invention, in which the electrode voltage has a close 
temporal relationship with the update of image data to the 
pixel electrodes, there exists a number of variations con- 
cerning the nature of the modulation. Here the modulation 
may consist of pulses of shorter duration than that of the 

10 image data on the pixels. In another embodiment of the 
control electrode voltage modulation scheme according to 
the present invention, the pulse duration applied to the 
control electrode may be of longer duration than that of 
image data on the pixels. In this latter case, the time period 

15 with which the image data remains on the pixels is shorter 
that the refresh period. 

According to another embodiment of the invention, the 
control electrode voltage modulation may comprise bursts of 
relatively high frequency alternating current (AC) modula- 

20 tion. In another embodiment, the control electrode voltage 
modulation may comprise one burst of relatively high fre- 
quency modulation for each update of image data to the 
pixel electrodes. 

25 As shown in FIG. 8, according to a further embodiment of 
the present invention, the common electrode voltage can be 
modulated with a pulse to achieve a rapid "drive to dark" of 
the electro-optic material or liquid crystal despite any pixel 
data stored on the pixel electrodes during the drive to dark 

30 state. Certain liquid crystal cell configurations can be con- 
structed which are normally white, and require addressing 
by a voltage to drive the cell to a dark state. According to this 
embodiment, this voltage addressing can be done by driving 
the common electrode to a voltage sufficiently different from 

35 the pixel voltage to achieve a rapid drive to dark. Gray or 
color levels are subsequently established by allowing the 
liquid crystal to relax back and generate different gray or 
color levels depending on the voltage on the pixel electrode. 
It will be appreciated that gray may be considered a color for 

.^the .purposes.. of. the. present. invention. ...The .embodiment, 
shown in FIG. 8 also utilizes a pixel frame buffer which 
stores the next pixel data in a pixel buffer while the current 
pixel data is being displayed. 

The common electrode voltage can be over driven to get 

45 the electro-optic material very quickly to a dark state by 
using a voltage greater than the voltage required to hold a 
dark state. 

An example of an electro-optic response which would be 
suitable for this embodiment is shown in FIG. 2B. The 

50 intensity output from a pixel decreases with the voltage 
applied across the electro-optic layer. The electro-optic 
curve shown here has a saturation response as the voltage is 
increased above the "black holding voltage**, that is, the 
output remains dark for higher voltages. The present inven- 

55 tion may also be used with liquid crystals having different 
electro -optic curves, such as one which is similar to that 
shown in FIG. 2B except that the curve 125 begins to rise 
again at some point after point 127 (e.g. perhaps before 
V OI) ) rather than remaining flat, in which case V 0/> would 

60 not normally be applied to such a liquid crystal. 
Alternatively, a thick liquid crystal layer may be used which 
has a more complex curve, which curve 125 may be con- 
sidered to be a portion of, in this case of a thick liquid 
crystal, the useful portion of the curve 125 may be used 

65 without allowing the crystal to relax completely to other 
portions of the complete, complex curve. It will also be 
appreciated that, for certain liquid crystals, different electro- 
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optic (EO) curves may exist for different colors (e.g. a liquid 
crystal may have a first EO curve for one color (with a V B 
of EOl) and a second EO curve for another color (with 
a of W B E02)). In this case, it is desirable to coordinate 
the control voltage applied to the control electrode relative 
to the color such that the control voltage matches the color 
and EO curves. In this case, care should be taken to make 
sure that the Vp across the liquid crystal created by the 
electrode is sufficient to render the prior pixel data unview- 
able before the next pixel data is to be displayed. 

The relaxation to the gray scales happens through a 
related family of curves which, even if the material slows 
down through temperature decrease, will still allow the 
viewing of gray or color levels. Subsequent images are 
independent of each other since there is a complete reset of 
the electro-optic material between each image. 

A longer viewing time can be achieved in systems which 
employ time sequential color illumination or time sequential 
color filtration because, as the reset cycle makes color 
subframes independent of each other, the device can be 
viewed even as the material approaches the final gray or 
color level for a frame from the dark state. It may also be 
useful to view the pixels even during the rapid reset phase 
to gain more light throughput. A color sequential scheme is 
shown in FIG. 9. 

In particular, FIG. 9 shows the rapid drive to dark after 
each color sub frame. Each color subframe can have approxi- 
mately a 5 ms duration in which it is illuminated continu- 
ously during the whole duration or continuously only a 
portion of the duration or illuminated with only non- 
contiguous pulses of illumination during the duration. A red 
subframe, green subframe, and blue subframe can be 
sequentially displayed within approximately 15 ms. These 
time periods are merely examples of durations that can 
achieve visual integration according to U.S. patent applica- 
tion Ser. Nos. 08/505,654 and 08/605,999, the contents of 
which are incorporated herein by reference. It should be 
understood, however, that other durations could achieve this 
including subframe display durations less than 5 ms and 
even- durations of 10 ms or more. - - — - - 

Referring to FIGS. 8 and 9, a reset pulse 600 is applied to 
the pixel electrode for a small portion (here 1 ms) of the 
subframe duration (here 5 ms). Assume there are four pixels 
601, 602, 603, and 604 with respective initial intensities of 
II, 12, 13, 14 and with respective intensities displayed as 
labeled with reference numerals 601, 602, 603, and 604 on 
the intensity versus time diagram of FIG. 8. Once reset pulse 
600 is presented to pixels 601-604, their intensities drop 
from 11-14 to zero, respectively, i.e., they undergo a rapid 
drive to dark at time t t . Note that the display does not show 
viewable data even though the pixel electrodes have pixel 
data values thereon. Also note that all pixel electrodes 
simultaneously receive updated pixel data values (As shown 
by the immediate and universal change at the very beginning 
of the pulse 600 and the pulse 609). This is because the 
display system of FIG. 8 uses pixel frame buffering, which 
is typically implemented by including a pixel buffer (e.g. 
analog pixel buffer) with each pixel electrode (e.g. as in FIG. 
6D). The intensities labeled with the reference numerals 
601, 602, 603, and 604 on the intensity versus time diagram 
of FIG. 8 then increase to their respective gray/color levels 
after the reset pulse stops. As depicted, pixel 604 is driven 
to the brightest gray or color level. The brightness of each 
pixel as it appears to an observer should be proportional to 
the area under each curve labeled with the reference numer- 
als 601, 602, 603, and 604 on the intensity versus time 
diagram of FIG. 8. A following reset pulse 609 then drives 
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pixels 601-604 to dark at t^. The following relaxation to 
gray or color levels is shown with slower intensity versus 
time transitions as might occur when the liquid crystal at the 
pixels is cold. As can be seen, frame (or subframe) inde- 

5 pendence is achieved for pixels 601-604 even if the pixels 
are cool. It will be appreciated that the use of a frame buffer 
(as in FIG. 8) with the present invention potentially allows 
a short reset pulse to be applied (to make the prior frame 
substantially unviewable) without having to hold the reset 

10 pulse while the pixel electrodes are loaded. Since an entire 
frame of pixel data may be loaded from the frame buffer (of 
pixel buffers) onto the pixel electrodes by applying a load 
signal (e.g. appropriately applied pullup and pulldown sig- 
nals as described for the pixel circuit of FIG. 6D) to all 

15 pixels, the time required for loading of pixel electrodes is 
much shorter than a non-frame buffer system which is 
loaded one (or two) rows at a time. Thus, the frame-to-frame 
independence may be achieved with a shorter reset pulse 
(and without the need for a longer hold pulse which is 

20 required to load the pixel electrodes). 

Liquid crystal configurations can be considered which 
would not normally be suitable for some applications. For 
example, a thick cell may be easier to manufacture but will 
likely to have a response which is too slow. By overdriving 

25 to get a fast reset to dark, and then viewing gray scales or 
color levels as the cell relaxes, good performance can be 
achieved even if the cell never reaches its final state for that 
addressing voltage. The reset makes this viable because of 
frame independence. 

30 This embodiment can be made to work with different 
types of DC balancing. Frame based, column based, row 
based or even pixel-by-pixel DC balancing can be imple- 
mented simply by clamping the common electrode at (V mfflC - 
V min )/2 and ensuring that subsequent drive to dark pulses are 

35 of alternate polarity. In that case, the liquid crystal is DC 
balanced by controlling only the data driven to the pixel 
electrodes. 

Frame inversion DC balancing can also be implemented 

^ in a scheme which modulates toe common e^^^ 

An example of this is shown in FIG. 8. In general, DC 
balance can be maintained with this drive to dark scheme by 
ensuring that the pixel electrode data updates and the drive 
to dark pulse sequence are arranged so that over a number 

45 of update cycles, the voltage across the electro-optic later 
averages to a value close to zero. 

The pixel electrodes can either be clamped at some known 
voltage during the reset period or they can be left in some 
arbitrary state if the common electrode drive is sufficiently 

50 high voltage. 

An initial reset can be applied with all pixels set to zero 
volts. The electro-optic device, e.g., a liquid crystal device, 
has all pixels go rapidly to dark. The pixels are then all set 
to their gray or color level voltages and the liquid crystal 

55 display begins to relax to the gray or color level correspond- 
ing to those voltages. The device can be viewed through this 
entire relaxation (and also though the next reset) because 
this image is not contaminated with the previous one. The 
next reset is shown with the pixels set to their highest 

so voltage and the common electrode driven negative. The next 
image is shown with the common electrode set at the 
maximum pixel voltage and pixel electrodes below that. 
Hence, in this particular example DC balance is achieved on 
a frame-by- frame basis. 

65 It is important to note in this embodiment of the present 
invention that it is possible to achieve essentially simulta- 
neous drive to dark in the optical output of a large group of 
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pixels, such as an image even if the pixels do not have the cover glass voltage. This previously filed application 

facility to perform a simultaneous update of their electrodes describes the use of compensating electrodes or large 

with new data. Furthermore, it is possible to make pixels enough pixel capacitors in order to reduce this effect. The 

appear to have the facility for simultaneous electrode volt- larger the transition from the hold or reset voltage to the 

age update by using the present invention. 5 viewing voltage of the cover glass then the larger this effect 

This present invention describes several modifications to is. The transitions 1014 and 1016 are large transitions from 

the display driving system which has been described above. the hold voltage state on the cover glass to the viewing 

There are at least three modifications which may be made to voltage state on the cover glass electrode. For example, the 

the various embodiments of this drive system. These modi- hold voltage on the cover glass during the interval between 

fications may be made independently or in some combina- 10 times i x and drops through transition 1014 to a consider- 

tion. One modification relates to a technique for decreasing ably lower voltage on the cover glass during the interval 

the voltage transition of a control electrode from a reset or between times ^ and t 3 . Similarly the transition 1016 is large 

hold state to a view state. Another modification relates to the in order to transition from the hold voltage on the cover glass 

use of different view voltages (or other voltages such as reset to the viewing voltage on the cover glass after time t 5 . 

and/or hold voltages) on the control electrode, such as a 15 An alternative approach to reducing the pixel voltage shift 

cover glass electrode, depending on the color that is being causec j by this transition is to reduce the cover glass voltage 

displayed in a time sequential color display system. Also, transitions at times t, and t 5 . FIG. 11 shows an example of 

different hold and reset voltages on the control electrode such a technique. Voltage waveform 1020 represents the 

may be used for the different colors in a tune sequential voltage on the control electrode, such as a cover glass, and 

color display system. Another modification relates to the use 20 volUge waV efonn 1026 represents the voltage on a particu- 

of the reset (and optionally hold) and view voltages to ia r pixel electrode over time. As with FIG. 10, FIG. 11 does 

compensate for different brightness responses that may not attempt to show the slight shifting in voltage on the pixel 

result from a DC-balanced drive scheme where there is a electrode at the transitions which occur at times ^ and ty. It 

polarity inversion in the voltage waveforms. These various win be appreciated that even with the technique shown in 

modifications will be described further below. ^ nG u mere may ^ sam sh]itiQg of me voltage on 

FIG. 10 shows one embodiment of a reset, hold and the pixel electrode at these transitions due to the capacitive 
release technique. This figure shows a voltage versus time coupling of the pixel electrode to the cover glass electrode, 
graph of two voltage waveforms. In particular, voltage FIG. 11 shows that the cover glass electrode is performing 
waveform 1010 represents the voltage on the cover glass the same reset, hold and release sequence of operations as in 
electrode or other control electrode over time. Voltage 30 FIG. 10. For example, the display is reset by the cover glass 
waveform 1012 shows the voltage on a particular pixel receiving a reset voltage during the interval between times 
electrode over time. The waveform 1010 shows that the ^ and t A and during the interval between times t> and t 4 . Also 
cover glass electrode receives a reset voltage during the time during these reset times, the voltage on the pixel electrode 
period between times ^ and t a and also between the times tj is optionally clamped at the voltages V c£ and respec- 
and t 4 . The period of time between times t 2 and ^ is the first 35 tively. Also, during the interval between times t A and t^ new 
hold period shown in FIG. 10, and the time between the pixel data is loaded onto the pixel electrode after the optional 
times t 4 and tj is the second hold period. It will be appre- clamping operation and this pixel data is then allowed to 
ciated that the reset period causes the display to be reset such drive the electro-optic layer, such as a liquid crystal display, 
that the display data is substantially not viewable and during the interval between times L> and tj. However, unlike 
similarly the display data is generally- not viewable during 40 the display system represented by FIG. 10, the display - 
the hold period. The pixel data is typically loaded during the system of FIG. 11 utilizes inverted data on the pixel elec- 
hold period and then the hold is released at the two transi- trode during the period between times ^ and and yet 
tions 1014 and 1016 shown in FIG. 10 so that the display can maintains the same absolute value of the voltage (the 
show the data stored on the pixel electrodes. The electro- absolute value of V 2 ) in order to achieve the same display 
optic material, such as the liquid crystal, generates a display 45 state during ^ and t, as in FIG. 10. The inversion of the data 
because of the voltage across the liquid crystal. The display takes into account the different cover glass view voltage 
generated by the liquid crystal in the time between times 4 which is applied to the cover glass during the view interval 
and t 3 is generated as a result of the voltage difference VI, which occurs between times t 2 and t,. The inversion of the 
the absolute value of which is shown in FIG. 10. The display pixel data may, as described below, be achieved by having 
of information after time t 5 is caused by the voltage across 50 a set of red, green and blue lookup tables for a positive cycle 
the liquid crystal of V 2 , the absolute value of which is shown to tj) and another set of red, green and blue lookup tables 
in FIG. 10. FIG. 10 also shows that the pixel electrodes are for the negative cycle. Thus, the voltage transition at tran- 
clamped according to one aspect of an invention described sition 1022 for the cover glass electrode is smaller than the 
in the filed patent application Scr. No. 08/920,602 which was voltage transition at transition 1014 of FIG. 10. Yet, the 
filed Aug. 27, 1997. This clamping occurs while the display 55 cover glass electrode voltage relative to the pixel electrode 
is reset during the interval between times ^ and t a and also voltage is such that the difference between the two voltages 
during the interval between the times t, and t 4 . The clamping is still maintained at the absolute value of Vj so that the 
voltages are typically two different reference voltages same pixel data may be displayed. During the next display 
( V OT — Vctamp High* v cl — V clamp Low) which are applied cycle which begins at time t 3 , the pixel electrode is option- 
alternatively over time in order to get a DC balanced signal 60 ally clamped during the interval between times tg and t 4 and 
over time on the pixel electrodes (ignoring the pixel data then loaded with new pixel data during the interval between 
values). The clamping voltage is typically low (VJ for the times t 4 and t 5 . During t 5 , viewing may occur when the cover 
"positive" (higher) cover glass voltage and high (V c/f ) for glass electrode is transitioned from the hold voltage to the 
the "negative" (lower) cover glass voltage. viewing voltage through the transition 1024. The voltage 

As described in conjunction with FIG. 16C of previously 65 difference between the cover glass electrode and the pixel 

filed application Ser. No. 08/920,602 (filed Aug. 27, 1997), electrode is still maintained at the absolute value of V 2 as 

the pixel electrode voltage tends to shift with a shift in the shown in FIG. 11 which is the same as the absolute value of 
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V 2 shown in FIG. 10. However, the transition 1024 from the 
hold voltage on the cover glass during the times t 4 and ^ to 
the viewing voltage after time t 5 is considerably smaller than 
the transition of the voltage on the cover glass at transition 
1016 of FIG. 10. Thus, the shifting of the voltage level on 
the pixel electrode due to the shifting of the voltage level on 
the cover glass is considerably lessened by this technique. It 
is still desirable to have a larger capacitance (such as 
approximately 5 times larger) between a pixel electrode and 
references such as ground (through capacitance 657 in FIG. 
6A) than between the pixel electrode and the cover glass 
electrode (e.g. electrode 653 in FIG. 6A). This limits the 
shift in the pixel electrode to acceptable values as the cover 
glass electrode voltage changes. This technique may be 
implemented by changing the polarity of the image data 
loaded during the loading or holding times, wherein the 
polarity takes into account the cover glass viewing voltage. 

Note that the voltage transition of the cover glass elec- 
trode at t 3 of FIG. 11 is larger than the voltage transition of 
the cover glass electrode at 13 of FIG. 10. This results from 
decreasing the voltage transitions at t 2 and t s . The increased 
voltage transition at ^ of FIG. 11 does not, however, result 
in artifacts in the display process because the display is dark 
(or the display data is substantially not viewable) immedi- 
ately after ^ and the pixel electrodes subsequently are 
loaded with new pixel display values. 

It can be seen from FIG. 11 that the first control voltage 
may be considered to be the hold voltage on the cover glass 
electrode between times ^ to t 2 and between times t 4 to t 5 , 
and this first control voltage may be considered to have one 
of a high extreme (e.g. from tj to t^) or a low extreme (e.g. 
from t 4 to t s ). The second control voltage may be considered 
to be the "view" voltage on the cover glass electrode 
between times tj to tj and between times t 5 to t^, and this 
second control voltage may be considered to have one of a 
high view extreme (e.g. from to 13) or a low view extreme 
(e.g. from ts to t6). When a maximum voltage across the 
electro-optic layer is desired for a frame (or subframe if time 
sequential color is used), then a pixel electrode voltage is 
one of a-high pixel extreme voltage (e.g.- +4 volts) or -a low 
pixel extreme voltage (e.g. 0 volts). In accordance with an 
aspect of the invention shown in FIG. 11, when the maxi- 
mum voltage across the electro-optic layer is desired during 
the display of pixel data in a frame (or subframe) and the first 
control voltage was previously, during the same frame (or 
subframe) at the high extreme and then the second control 
voltage will be at the high extreme during the frame (or 
subframe) and the pixel electrode voltage will be at the low 
pixel extreme voltage. In the next frame, the polarities for 
this example are reversed. 

Another aspect of the present invention relates to the use 
of different control voltages being applied to the control 
electrode, such as a cover glass electrode, depending upon 
the color of illumination during time sequential color dis- 
play. This will be described by referring to FIGS. 12 and 13. 
FIG. 12 is a brightness or intensity versus voltage graph 
showing three dynamic electro-optic curves 1050, 1052, and 
1054. These curves represent fictitious dynamic electro- 
optic curves for an electro-optic material such as a nematic 
liquid crystal driven in the way described with the present 
invention. The graph represents the brightness integrated 
over some portion of the view period, as a function of 
voltage across the liquid crystal during the view period. The 
actual shape of the curve is a function of such things as the 
cell gap, the liquid crystal material, the temperature of use, 
the retarder (if any), the polarizer orientation, and other 
variables. For purposes of discussion, it will be assumed that 
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electro-optic curve 1050 represents the response of the 
liquid crystal cell to red illumination, and that electro-optic 
curve 1052 represents the response of the liquid crystal cell 
to green illumination, and that electro-optic curve 1054 

5 represents the response of the liquid crystal cell to blue 
illumination. It can be seen from FIG. 12 that the liquid 
crystal cell does not behave the same for each color. For 
example, red has maximum intensity at approximately zero 
volts. This red intensity rapidly decreases to a value of zero 

10 at approximately three volts at which red light will not be 
observed to pass through the liquid crystal cell such that the 
cell will appear to be dark. The curve 1052 for green light 
shows that the dark state during green illumination occurs at 
four volts and the maximum intensity also occurs at zero 

15 volts. The curve for blue light, curve 1054, shows that the 
liquid crystal cell is generally brighter at all voltages when 
blue light illuminates the cell than when red or green light 
illuminates the cell, and a higher voltage is required to drive 
this liquid crystal cell to a point where it will not pass blue 

20 light. In the example shown in FIG. 12, five volts is required 
to drive this cell to a state in which it appears dark. 

In the following discussion, it shall be assumed that the 
voltage swing which is available on the pixel electrodes is 
between zero volts and four volts. In designing a display, it 

25 is believed that it is generally desirable to make sure that the 
dark voltage value is achievable for each color. This in turn 
specifies a voltage range for the cover glass electrode during 
the view period of time. In the case of the blue electro-optic 
curve shown in FIG. 12, to get a black state the driving 

30 electronics must produce a voltage of about five volts across 
the liquid crystal material. Thus if the pixel electrode is four 
volts, the cover glass electrode should be maintained at -1 
volts. In schemes which use DC balancing, the inverted 
subframe for blue would set the pixel electrode at zero volts 

35 and the cover glass electrode would be set at five volts to 
achieve a dark or black state. Given that it has been assumed 
that there is only a four volt range available on the pixel 
electrodes, then the smallest voltage which can be put across 
the liquid crystal in order to get the brightest state is about 

40 1 volt (or- -1 . volt in the -inverted - state). This lack -of., 
achieving the frill voltage range across the liquid crystal 
during blue illumination times does tend to decrease the 
amount of available brightness in the blue state, but this 
sacrifice under the assumptions of this discussion would 

45 typically be considered to be worth doing in view of the 
good dark state that is achieved. While this may be accept- 
able for the blue illumination cycle in a time sequential color 
display system, it is not an optimal choice for other colors. 
In the case of green, where green light is illuminating the 

50 liquid crystal display, the dark voltage state is at about four 
volts, and so putting five volts across the liquid crystal 
display when green light is illuminated would begin to 
increase the brightness again as can be seen from the shape 
of curve 1052. Given that full brightness level is accessible 

55 below four volts, there is no need to go beyond four volts. 
The pixel electrode voltages can be driven from zero volts 
to four volts and thus there is no need to sacrifice the 
increase in brightness between zero volts and one volt (as 
there was in the case when blue light illuminates a display 

60 system). Thus for the green illumination subframe, the cover 
glass electrode may be switched between zero volts and four 
volts for the positive and negative subframes. This allows 
the pixel electrodes to receive voltages which are available 
along the entire electro-optic curve between zero volts and 

65 four volts for the curve 1052. 

Curve 1050 represents the electro-optic curve of the liquid 
crystal cell when red fight illuminates the cell during a red 
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color subframe. In this case, the available voltage swing for some types of liquid crystal cells do not appear to have the 

the pixel electrodes is enough to access the entire useful part same brightness in both the positive and negative cycles 

of the electro-optic curve 1050. A waveform 1060 for even when the same voltage difference exists across the 

driving the cover glass electrode in a time sequential color liquid crystal cell during both the positive and the negative 

display of the present invention is shown in FIG. 13. This 5 cycles. This appears to arise in the case of liquid crystal cells 

waveform shows the cover glass voltage (V^) over time. that contain some asymmetry in the construction of the cell. 

This waveform 1060 is based upon the assumptions made Examples of such asymmetry include different electrode 

above regarding the electro-optic curves 1050, 1052, and materials on the two cell walls, different passivation mate- 

1054 and upon the manner described above in which dif- rials over the electrodes, etc. The difficulty that is observed 

ferent voltages are applied depending upon the particular 10 ^ tnat me ^Quid crystal responds differently to the different 

color subframe. FIG. 13 shows two full cycles of red, green, polarity addressing of voltage across the cell (as if the liquid 

and blue color display. The first cycle comprises subframes crystal had its own internal voltage), even though the same 

1062, 1064, and 1066, and the second full cycle comprises voltage difference exists across the cell in the two different 

subframes 1068, 1070, and 1072. It will be appreciated that cycles. Ideally, the same magnitude of voltage across the cell 

FIG. 13 in effect shows one full cycle where R, G, and B 15 should result in the same brightness independent of the 

each have a positive and a negative cycle. For example, the polarity of the voltage across the cell. It is appreciated that 

red cycle 1062 is the positive cycle while the red cycle 1068 this assumes a DC-balanced drive scheme where the polarity 

is the negative cycle for red. It can be seen from FIG. 13 that is reversed frequently enough to prevent ionic drift and 

the viewing voltage applied to the cover glass electrode consequent image loss. Hie consequence of the different 

during the blue subframe (e.g. the interval between times te 2 o brightness response to the positive and negative voltages 

and tp or the interval after t 17 ) is different than the viewing across the liquid crystal cell during the positive and negative 

voltage on the cover glass electrode during the red or green cycles is that a flicker can be seen, 

color subframes. It can be also seen that the hold voltage for There are several possible approaches to solving this 

the blue color subframe (e.g. during the interval between problem. For example, the asymmetry in the cell may be 

times If and tg and the interval between tunes t 16 and t 17 ) is 25 removed by changing the construction techniques. While 

different than the hold voltages for the red and green color this may be possible, it does add complexity to the con- 

subframes. Further, the reset value during the blue color sanction of the cell. Another solution is to drive the display 

subframe is different than the reset value for the red and the in such a way as to make the positive and negative cycles 

green color subframes. According to one aspect of the appear to have the same brightness. One way to achieve this 

present invention, different colors may have different reset 30 may be to add a DC offset voltage to the driving voltages, 

voltages and different hold voltages as well as different such as the cover glass drive voltage. This may counteract 

cover glass viewing voltages which are dependent upon the the inherent, apparent internal voltage of the liquid crystal 

particular color of the color subframe. These are determined cell. However, this does not appear to work as the offset does 

by the electro-optic curve for that particular color as shown not seem to stabilize the liquid crystal cell; rather the 

in FIG. 12. One way of implementing these different volt- 35 asymmetry and brightness between the different polarity 

ages is to use a lookup table which provides the particular cycles returns to the liquid crystal cell even after the DC 

cover glass voltages during the various intervals of a par- offset voltage has been applied. 

ticular color subframe. Thus, the various voltages shown in Another solution which may be contemplated is to modify 

FIG. 13 may be stored in a lookup table and these values the brightness of the illumination. However, this approach 

may- be obtained by- addressing- the lookup table with - a 40 -may not achieve good results because the electro-optic curve 

particular time interval which corresponds to the current is non-linear. For example, there is very little flicker with a 

time in a display cycle. It will be appreciated that it is often bright or saturated screen, but if the screen is set to a 

better to choose a cover glass view voltage which has a mid-gray level then the flicker shows up. Adjusting the 

lower voltage difference from the prior hold voltage in order LED's to remove the flicker in the mid-gray images would 

to minimize capacitive pixel electrode shifts. Furthermore it 4S cause the screen to flicker if it were bright because the flicker 

will be appreciated that it is often desirable to choose a would now be caused by modulation of the LED. Given that 

different hold voltage for each color in order to maintain the a particular image on a screen includes both grays and bright 

best dark state during data loading which occurs during the portions, it does not seem to be possible to modulate the 

hold stage, such as an interval between times t A and t^ illumination device, particularly where the illumination 

FIG. 13 also shows the range of values the pixel elec- 50 device provides flood illumination to the entire display 

trades may be different during the loading and viewing screen. 

stages of each color subframe. Delta in the interval The present invention provides an offset drive technique 
between times ^ and t 3 represents the three volt range that by controlling the oflket supplied to the various phases of the 
the red color subframe has been designed to display in view reset and release or reset, hold and release sequence of 
of the curve 1050. This range is from one to four volts as 55 voltages applied to the cover glass electrode or to a control 
shown in FIG. 13. During the negative cycle of the red color electrode. For a given color, the cover glass positive view 
subframe which occurs between times t 9 and t 12 , this voltage voltage and the cover glass negative view voltage are chosen 
range is from zero volts to three volts during the viewing so that the positive cycle and the negative cycle images have 
cycle which occurs during the interval spanned by times x lx close to the same brightness. This typically means that both 
and t 12 . The viewing voltages which may be maintained 60 these voltages would be moved in the same direction (e.g. a 
during viewing times for the green and blue subframes are more positive direction) in order to cause the positive cycle 
shown as delta VG (e.g. shown in the interval between times and negative cycle images to have close to the same bright- 
ly and O and delta \ B (e.g. shown in the interval between ness; this offset in the cover glass viewing voltages in both 
times t 8 and tp). the positive and negative cycles may be as much as a 
Another aspect of the present invention drives the display 65 significant fraction of a volt. FIG. 14 shows three different 
in such a way as to make the positive and negative cycles waveforms 1103, 1105, and 1107, each of which show an 
appear to have the same brightness. It has been observed that increase (a more positive voltage) in the cover glass viewing 
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voltage relative to a waveform such as that shown in FIG. 
13. The waveform shown in FIG. 13 is shown superimposed 
as a dashed line on the waveforms of FIG. 14. The three 
different waveforms of FIG. 14 show three different tech- 
niques according to the present invention. It will be appre- 
ciated that one of these techniques, or a mixture of 
techniques, may be used for all colors. In each case of these 
examples, each color is treated similarly, which results in all 
the cover glass view voltages being shifted in the same 
direction. This shift is oflsetted by modifying the hold and 
reset cover glass voltages by choosing an opposite offset in 
proportion to their durations relative to the view time. Given 
that the electro-optic curves tend to be fairly fiat at the high 
voltages where the reset and hold occur, any asymmetry 
induced flicker during the reset and/or hold periods is not 
observed. Further, if the display device is not illuminated 
during these times, then such asymmetry induced flicker will 
not be seen. 

Waveform 1103 shows one technique for reducing flicker 
by increasing the view voltage for all colors in the same 
direction and then compensating for that increase by reduc- 
ing the reset and hold voltages. Thus, as noted by comparing 
the dashed lines to the solid lines during the interval between 
times t-L and t 3 , the reset voltage and the hold voltage during 
the red subframe has been reduced while the viewing 
voltage is increased during the interval between ^ and t 4 . 
The voltage on the pixel electrodes is maintained such that 
it ranges from one volt to four volts for red as described in 
connection with FIG. 13 above. Similarly, during the green 
color subframe of the waveform 1103, the reset and hold 
voltages applied to the cover glass electrode are made more 
negative as shown by comparing the dashed lines to the solid 
lines during the interval between times t 4 and t 6 . It will be 
appreciated that waveform 1103 represents a portion of a 
red, green, blue waveform for driving a cover glass 
electrode, which is similar to the waveform 1060 shown in 
FIG. 13. 

Waveform 1105 represents another approach in which the 
viewing voltage on the cover glass electrode is increased and 
this increase- is compensated by reducing the-reset -voltage 
only in order to DC balance. Note that in this example the 
positive reset voltage is shown as being lower than the 
positive hold voltage. This is quite acceptable as long as the 
combination of the reset pulse (with clamped pixel 
electrodes) and the hold pulse are sufficient to complete the 
drive of the liquid crystal to a substantially dark state. 

The waveform 1107 represents yet another technique to 
reduce flicker by increasing the viewing voltage of the cover 
glass electrode and compensating for that increase by chang- 
ing the duration of the reset period of time. As can be seen 
from waveform 1107, the reset which occurs between the 
times t 13 and t 14 is considerably shorter than the reset which 
occurs in the interval between times t 16 and t 17 . In this 
manner, the longer negative reset in the interval between 
time t 16 and t 17 tends to offset the increased viewing voltage 
on the cover glass electrode as shown by the waveform 
1107. It will be appreciated that combinations or permuta- 
tions of these approaches may also be applied. 

It will be appreciated that, in general, the control electrode 
(e.g. the cover glass electrode) receives what may be con- 
sidered to be a composite signal and that a first parameter of 
at least one of the reset or hold (if used) or view voltages of 
the control electrode is selected to provide an offset, for a 
portion of the composite signal, from a DC balanced signal 
over time with respect to a particular voltage. Further, this 
oflset is compensated for by selecting a second parameter of 
at least one of the reset or hold (if used) or view voltages of 
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the control electrode. The parameters which may be selected 
include voltage, time (e.g. relative durations of pulses) or the 
shape of the voltage waveforms (e.g. a ramping view 
voltage). 

5 The electrode control driver 110 of FIG. 2A may include 
a lookup table (LUT) and a digital-to-analog converter 
(DAC) which cause the driver to provide color dependent 
reset or hold or view voltage values; an example of these 
color dependent values is shown in FIGS. 13 and 14. 

10 Further, the LUT and DAC may be used to provide the 
offsets shown in FIG. 14. The LUT of driver 110 may 
receive an input which indicates the particular time period 
(e.g. hold for Green loading) and provides a corresponding 
output to the DAC which provides a voltage to the cover 

15 glass electrode. The pixel driver logic 102 of FIG. 2A may 
include 6 LUTs (one for each color in a "positive" cycle and 
one for each color in a "negative" cycle) and a DAC to cause 
this driver to provide color dependent pixel data values of 
each polarity in the manner shown in FIGS. 13 and 14. 

20 Moreover, the pixel driver logic 102 may include a LUT and 
a DAC for a positive cycle and another LUT for a negative 
cycle to provide a proper pixel voltage (which is not color 
dependent) relative to the cover glass's view voltage in the 
manner shown in FIG. 120. The pixel data input values 
address the LUTs and one of the LUTs* outputs for the 
current cycle is selected by a multiplexer and inputted to the 
DAC which provides the output values to the pixel elec- 
trodes. It will be appreciated that various different driver 
logic may be used to provide color dependent voltages, and 

30 the construction of such logic will be apparent to those of 
ordinary skill in the art after reviewing this description and 
FIGS. 10-14. In the case where voltage transitions are 
reduced (e.g. as shown in FIG. 10) and color dependent pixel 
voltages are applied to the pixel electrodes (e.g. as shown in 

3S FIG, 13), then 2 LUTs may be used for each color subframe 
where one LUT for a particular color subframe provides 
values to the DAC for a positive cycle and the other LUT for 
a particular color subframe provides values to the DAC for 
a negative cycle. 

4Q The foregoing description . is .considered, to. include Jhe 

following co-pending U.S. patent applications which are 
hereby incorporated herein by reference: application Ser. 
No. 08/770,233, filed Dec. 19, 1996; application Ser. No. 
08/801,994, filed Feb. 18, 1997; application Ser. No. 08/920, 

45 602, filed Aug. 27, 1997; and application Ser. No. 08/920, 
603, filed Aug. 27, 1997. 

In the foregoing specification, the invention has been 
described with reference to specific exemplary embodiments 
thereof. It will, however, be evident that various modifica- 

50 tions and changes may be made thereto without departing 
from the broader spirit and scope of the invention as set forth 
in the pending claims. The specification and drawings are, 
accordingly, to be regarded in an illustrative sense rather 
than a restrictive sense. 

55 What is claimed is: 

1. A method for operating a display system, said display 
system comprising a first substrate having a plurality of 
pixel electrodes, an electro-optic layer operatively coupled 
to said pixel electrodes and an electrode operatively coupled 

60 to said electro-optic layer, said method comprising: 

applying a first plurality of pixel data values to said 
plurality of pixel electrodes such that a first pixel data 
represented by said first plurality of pixel data values is 
displayed; 

65 applying a first control voltage to said electrode to alter a 
state of said electro-optic layer such that said first pixel 
data is substantially not displayed; 
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applying a second plurality of pixel data values to said 9. A method as in claim 6 wherein at least one of said high 

plurality of pixel electrodes, said second plurality of pixel extreme voltage and said low pixel extreme voltage is 

pixel data values representing a second pixel data determined in part by the color of said second color, 

which is displayed next in sequence after said first pixel 10. A method as in claim 1 wherein said applying of said 

data is substantially not displayed; 5 first control voltage and said applying of said second plu- 

after applying said second plurality of pixel data values, ^ ° f P^ ata ^f 5 overlap at least partially in time. 

applying a second control voltage to said electrode, A 1 * 1™*^ * dami 10 whercm cleCtl ° dc * 3 

«r i ■ -j c . _ , . „ ^ ' cover glass electrode. 

after applying said first control voltage, to alter said n A method ^ m cWm n ^ ^ ^ 

state of said electro-optic layer such that said second electrode receive& a DC balanced signal over time with 

pixel data is displayed, and wherein said first control 10 respect to a vdtage level 

voltage is one of a high extreme and a low extreme and 13. a method as in claim 1 wherein said display system 

wherein said second control voltage is one of a high ^ segmented such that said electrode covers only a portion 

view extreme or a low view extreme and wherein when 0 f a display surface of said display system, 

a maximum voltage across said electro-optic layer is 14. A method as in claim 11 wherein said display system 

desired for a frame or a subframe, a pixel electrode 1S comprises a liquid crystal disposed on a semiconductor 

voltage, corresponding to one of said second plurality substrate and said plurality of pixel electrodes are disposed 

of pixel data values, is one of a high pixel extreme on said semiconductor substrate. 

voltage or a low pixel extreme voltage, and wherein a 15. A method as in claim 1 wherein said electro-optic 

voltage signal applied to said electrode in transitioning layer comprises a liquid crystal material and wherein said 

from said first control voltage to said second control 20 liquid crystal has at least a first light altering state and a 

voltage does not cross a voltage level defined substan- second light altering state and wherein said first control 

tially by a midpoint between said high pixel extreme voltage sets said liquid crystal in said first light altering state 

voltage and said low pixel extreme voltage. such mat U e ht substantially cannot pass through said display 

2. A method as in claim 1 wherein said second plurality fT*?" an( | ^J*?™ *** control voltage allows said 
of pixel data values is determined relative to said second 25 Jquid crystal to be ; set in said second h^t dtenng state such 
control voltage m order J* 

wherein said second conttol [voltage is applied next in ^ applyin gT third control voltage after said first 

sequence after applying said first control voltage. yolUge md said applying ^ second contKjl 

3. A method as claim 2 wherein, when said maximum vo i tage , wherein said third control voltage substantially 
voltage across said electro optic layer is desired during 30 holds said Uo^id crystal in nearly said first light altering state 
display of said second pixel data, said pixel electrode anc j fat control voltage rapidly places said liquid 
voltage is substantially at said high pixel extreme voltage crystal in substantially said first light altering state, 
when said second control voltage is substantially at said low 16. A method as in claim 15 wherein said applying of said 
view extreme and said first control voltage, for said frame or third control voltage and said applying of said second 
said subframe, was previously at said low extreme. 35 plurality of pixel data values overlap at least partially in 

4. A method as in claim 1 wherein, when a minimum time. 

voltage across said electro-optic layer is desired during 17. A method as in claim 16 wherein said applying of said 

display of said second pixel data, said pixel electrode third control voltage and said applying of said second 

voltage is substantially at said high pixel extreme voltage plurality of pixel data values occur substantially contempo- 

"when said second control voltage is substantially at said high * 40 farieously." " " 

view extreme and said first control voltage, for said frame or 18. A method as in claim 1 wherein after applying said 

said subframe, was previously at said high extreme. second control voltage, said electro-optic layer relaxes to a 

5. A method as in claim 1 wherein, when said minimum plurality of gray scale or color levels corresponding to said 
voltage across said electro-optic layer is desired during second plurality of pixel data values. 

display of said second pixel data, said pixel electrode 45 19. A method as in claim 18 wherein for at least a set of 

voltage is substantially at said low pixel extreme voltage pixels of said first pixel data, said electro-optic layer has not 

when said second control voltage is substantially at said low reached a steady state display level specified by said first 

view extreme and said first control voltage, for said frame or pixel data when said first control voltage is applied, 

said subframe, was previously at said low extreme. 20. A method as in claim 1 further comprising ilium in at - 

6. A method as in claim 1 wherein a first image is 50 ing said display system with at least one pulse of illumina- 
represented by said first pixel data and a second image is tion which does not provide continuous illumination during 
represented by said second pixel data and wherein said first the time that said second pixel data is available for display, 
image comprises a first color subframe for a first color and 21. A method as in claim 20 wherein said second pixel 
said second image comprises a second color subframe for a data is available for display while said second control 
second color. 55 voltage is applied. 

7. A method as in claim 6 wherein at least one of said low 22. A method as in claim 16 further comprising applying 
extreme and said high extreme of said first control voltage a first reference voltage to at least one of said pixel elec- 
is determined by the color of said second color. trades and wherein said applying of said first reference 

8. A method as in claim 6 wherein at least one of said high voltage and said applying of a first control voltage overlap 
view extreme and said low view extreme of said second 60 at least partially in time. 

control voltage is determined by the color of said second 

color. * * * * * 
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